Traditional kokorec, which is one of the products of offal (edible by-products) and consumed enthusiastically in Turkey, is produced from fresh and washed lamb and calf small intestines. Some health risks can occur unless hygiene and sanitation rules are followed and proper cooking procedures are applied during the production process of kokorec. One of the most important among these risks is the microbial origin hazard and another is the formation of polycyclic aromatic hydrocarbons. In this study, the aim was to determine the concentrations of eight polycyclic aromatic hydrocarbons formed during the cooking of kokorec produced from beef and lamb small intestines by adding various animal fats. Polycyclic aromatic hydrocarbonformation was specified in ready-to-consume kokorec samples in which eight polycyclic aromatic hydrocarbon concentrations varied between 3.07 and 40.11 µg/kg. The consumption of lamb kokorec could be recommended to consumers because its average total eight polycyclic aromatic hydrocarbon concentration was lower than that of beef kokorec.
Introduction
Kokorec is one of the most widely consumed traditional Turkish meat products. [1] Omurtag et al. [2] described kokorec as grilled sheep intestine. It's also widely consumed in Greece and some Adriatic countries. [3] Kokorec is made from animal fats, small intestines, and chitterlings, which include pathogenic bacteria, so it has some potential risks as regards foodborne illness for human health. On the other hand, kokorec is served grilled, so it has some carcinogenic risks such as polycyclic aromatic hydrocarbons (PAHs) due to the grilling process.
PAHs are compounds containing several aromatic rings consisting of only carbon and hydrogen atoms. These compounds are formed during incomplete combustion or pyrolysis of organic materials, and have a high persistence in the environment. [4] Some of them have low biodegradability and high lipophilicity, and are potentially highly carcinogenic, mutagenic, and genotoxic. The PAHs that comprise fused aromatic rings containing up to four fused rings are referred to as light PAHs, and those containing more than four benzene rings are referred to as heavy PAHs. Heavy PAHs are more stable and more toxic than the light ones. [5] IARC [6] reported that a significant source of PAH exposure in the general population is the consumption of particular foods, notably toasted cereals and grilled meats. [7] These foods contain measurable levels of benzo[a]pyrene (BaP) and other PAHs that are carcinogenic, probably carcinogenic, or possibly carcinogenic to humans, and there is strong evidence that some of these compounds, including BaP, induce digestive-tract tumors in experimental animals when administered by ingestion.
One of the main sources of exposure to PAHs is food. [7] Grilling (broiling) meat, fish or other foods with intense heat over a direct flame results in fat dripping on the hot fire and yielding flames containing a number of PAHs. [8] [9] [10] In this study, it was observed that the animal fats were dripping directly onto the flames and causing smoke during charcoal grilling of kokorec samples. According to the European Food Safety Authority, [11] four specific PAHs (BaP, benz[a]anthracene (BaA), benzo [b]fluoranthene (BbF), and chrysene [Chry]) can be used as a marker for the occurrence and impact of carcinogenic PAHs in food. Since August 2011, the European Union (EU) maximum level for the four marker PAHs in grilled meat has been 12 μg kg −1 [12] .
Tfouni et al. [13] indicated that some studies were carried out on the isolation and determination of PAHs in thermally treated high-protein food samples (fried, roasted, grilled, smoked). The first report found that BaP and related PAHs were present in charcoal broiled beef in a study by Lijinsky and Shubik. [14] Since then, studies have provided much information on the levels of carcinogens found in grilled meat products. [15] PAH contamination by intense thermal processing, such as charcoal grilling, is due to the direct pyrolysis of food nutrients and the direct deposition of PAHs from smoke produced through incomplete combustion of different thermal agents. [16, 17] Charcoal grilling is one of the most intense thermal sources. In the food industry, this intense thermal source can be applied to foods directly or indirectly. Traditionally produced kokorec is exposed directly to charcoal flame in the pre-cooking process and indirectly in the final cooking process. It has been observed that if the meat contacts the grill flame directly, various carcinogenic PAHs can be detected. [18] It is well known that the charcoal grilling cooking method creates a risk for human health via carcinogenic compounds formed due to PAHs, but the consumption of grilled foods is increasing day by day. [15] In general, tallow fats are used in the production of kokorec. While other animal fats (tail fats and subcutaneous fats) have not been used in kokorec production until now, they are occasionally used in other meat products. Yılmaz and Karakaya [19] reported that sheep subcutaneous fats and sheep tail fats had a higher total unsaturated fatty acid content than sheep tallow fats. However, tallow fats had the highest total saturated fatty acid content. It was determined that the total saturated fatty acid contents of sheep subcutaneous fats, tail fats, and tallow fats were 47.77, 45.12, and 56.00%, respectively. [19] Thus, subcutaneous and tail fats were more appropriate for human nutrition. The fat content of meat products is one of the determinant factors in PAH concentration, [11, 20, 21] but there are almost no studies on the unsaturation degree of animal fats that affects PAH contamination. On the other hand, there have been very few studies on PAH determination while some microbiological properties have been studied for kokorec. [22] [23] [24] In this study, different animal fats (lamb subcutaneous fat and lamb tail fat) substituted for lamb tallow fat were used in an attempt to improve the organoleptic features of kokorec and determine the effect of various animal fats on concentrations of PAHs formed during the cooking of kokorec produced from beef and lamb small intestines.
Materials and methods

Materials
PAH standards, BaA, Chry, BbF, benzo[k]fluoranthene (BkF), BaP, dibenz[a,h]anthracene (DhA), benz [g,h,i]perylene (BgP), and indo[1,2,3-cd]pyrene (IcP), were purchased from Sigma-Aldrich (Chemie GmbH, Riedstrasse, Steinheim). Stock standard solutions of 1 µg ml −1 in acetonitrile were prepared and used for further dilution. Water was distilled and purified with activated carbon (Millipore, Bedford, MA, USA). Sodium hydroxide was obtained from Fluka (Buchs, Switzerland). High-performance liquid chromatography (HPLC)-grade solvents consisting of acetonitrile, dichloromethane, and n-hexane were purchased from Merck (Darmstadt, Germany). Diatomaceous earth extraction cartridges (Extrelut, 20 mL) and refill material were obtained from Merck (Darmstadt, Germany). Bond Elut Propylsulfonic acid/silica based (PRS) cartridges were obtained from Agilent (Santa Clara, CA, USA) for solid-phase extraction. PRS cartridges were preconditioned with dichloromethane (2 mL). For column chromatography, silica gel (70-230 mesh) was purchased from Merck (Darmstadt, Germany). It was activated at 200°C for 18 h and preconditioned with n-hexane (25 mL).
Preparation of "kokorec"
The beef and lamb small intestines, animal fats (lamb tallow fat, lamb subcutaneous fat, and lamb tail fat), and chitterlings were obtained from a local slaughterhouse in Konya. Production of kokorec is described step by step in the below: (1) Skewering of animal fats to spits; (2) Covering of skewered animal fat by chitterlings and small intestines, respectively, which is called as "raw kokorec;" (3) Precooking of the raw kokorec on charcoal grilling (50 min pre-cooking time and 10 cm distance from the heat source); (4) Cooling of the pre-cooked kokorec to room temperature; (5) Removing of spits from the kokorec; (6) Freezing at -18°C; (7) Cutting into slices (about 1.5 cm thickness); and (8) The final cooking on charcoal grill (6-8 min).
Sample preparation
The cooked samples were ground through a 3 mm plate grinder (Kitchen Aid, Classic Model, USA). The minced kokorec samples were frozen at -18°C until PAH analysis and stored at 4°C for physicochemical analyses.
Experimental design
In this study, two different types of treatments were applied. Beef and lamb small intestines were used for small intestine treatment. Lamb tallow fat, lamb subcutaneous fat, and lamb tail fat (250 g animal fat for each group) were used for the other treatment. A total of six different kinds of kokorec groups were produced (interaction of beef small intestines and lamb tallow fat, interaction of beef small intestines and lamb subcutaneous fat, interaction of beef small intestines and lamb tail fat, interaction of lamb small intestines and lamb tallow fat, interaction of lamb small intestines and lamb subcutaneous fat, and interaction of lamb small intestines and lamb tail fat). The experimental design of the study is shown in Fig. 1 .
Extraction and clean-up of PAHs
Extraction and clean-up procedures were carried out based on the method described by Farhadian et al. [25] and Janoszka et al. [26] with minor modifications. Each kokorec sample (5 g) was homogenized for 2 h in 15 mL of cold NaOH solution (1 M). Each sample was mixed with Extrelut refill material (diatomaceous earth, 17 g) at the stationary phase and the mixture was placed in a 20 mL Extrelut column. Then the column was connected to a PRS Solid Phase Extraction (SPE) column and the PAH fraction was eluted with dichloromethane (60 mL). The dichloromethane extract was evaporated by a rotary evaporator to dryness and the residue was redissolved in 1 mL n-hexane, which was then placed on top of the column, which was packed with activated silica gel (10 g) and preconditioned by using n-hexane (25 mL). The column was eluted with 60:40 (v/v) n-hexane and dichloromethane (60 mL) to collect the PAH fraction. The solvent was evaporated and the PAH residue was dissolved in acetonitrile (1 mL).
Limit of detection (LOD) and limit of quantification (LOQ)
The LOD and LOQ were calculated by using signal-to-noise ratios (S/N) of S/N = 3 and S/N = 10, respectively. [27] In the present study, the LOD and LOQ of PAHs were determined by injecting three replicates of the lowest concentration of each standard (PAH8: BaA, Chry, BbF, BkF, BaP, DhA, BgP, IcP) into HPLC.
Recovery studies
Recovery rates for different PAHs (BaA, Chry, BbF, BkF, BaP, DhA, BgP, IcP) in raw kokorec samples were determined by the standard addition method. [28] The amounts of these PAHs were corrected for by spiking four levels (1, 5, 10, and 50 ng/g) in four replicates.
HPLC analysis
PAH analysis was carried out based on the method described by Farhadian et al. [25] with some modifications using an HPLC instrument (ThermoScientific UltiMate® 3000, USA) equipped with a 600 controller pump, a fluorescence detector, ThermoScientific (λ ex = 207 nm, λ em = 500 nm) and a 20 µL loop injector. The mixture and extracts of PAHs were separated on a Hypersil Green PAH (ThermoScientific, USA) column (150 × 2.1 mm, 3 µm particle size). The mobile phase consisted of 50% acetonitrile and 50% purified water at a flow rate of 0.6 mL/min. Separation was performed under isocratic conditions. The quantification of PAHs was performed using an external calibration curve method. The quantification of PAH8, BaA, Chry, BbF, BkF, BaP, DhA, BgP, and IcP was carried out through the external standard method.
pH and total lipid analyses
The pH was measured with a pH meter (WTW 315i set model, Weilheim, Germany) according to AOAC. [29] Samples were analyzed for total lipid according to the Soxhlet method described in 960.39 of AOAC for meat samples. [29] 
Statistical analysis
In this study, a completely randomized design was employed (two replicates). The descriptive statistics and two-way analysis of variance (ANOVA) were performed by using the Minitab 16 (Minitab Inc., PA, USA) statistical program. 
Results and discussion
The total lipid content and pH values of the kokorec samples are given in Table 1 . The pH values of the samples were between 6.92 and 7.07. The differences between the pH values of the beef kokorec samples and lamb kokorec samples were not statistically significant (p > 0.05). The total lipid contents of the groups were between 24.04 and 40.39%. This difference between the samples is not statistically significant (p > 0.05). Makarnaci [23] reported that the total lipid contents of raw kokorec samples were between 6.12 and 8.12%. In this study, the total lipid contents of the samples were not similar to the findings of Makarnaci [23] because the cooking process seemed to result in a higher fat content. As a result of cooking kokorec, since the amount of water decreases, the total lipid content increases in general. Therefore, the fat content in cooked kokorec is higher than that in raw kokorec. An HPLC chromatogram from mixed stock solutions is shown in Fig. 2 . The LOD, LOQ, R 2 , values and recoveries are presented in Table 2 . The LOD and LOQ values ranged from 0.027 to 0.125 and 0.090 to 0.869 µg/kg, respectively, for all eight PAH (PAH8) standards. The correlation coefficient (R 2 ) values of PAH8 were between 0.9991 and 0.9999. Recoveries for kokorec samples were between 49.03 and 92.57%.
In the present study, concentrations of PAH8 analyzed and the four marker PAHs (PAH4) were measured in kokorec produced from beef and lamb small intestines by adding various animal fats. Table 3 shows the determination of PAH8 in kokorec groups by HPLC-Fluorescence Detection (FD). It was determined that the average BaA, Chry, BbF, BaP and BgP concentrations of the kokorec groups ranged from 0.47 to 4.86, 0.56 to 5.60, 0.50 to 5.37, 0.63 to 7.73, and 0.47 to 6.81 µg/kg, respectively. Beef kokorec and tail fat interaction had significantly (p < 0.05) the highest concentra- tions for all PAH8s while lamb kokorec and tail fat interaction decreased significantly (p < 0.05) the contents of PAH8, and this interaction had the lowest concentrations of PAH8. Indeno [1,2,3-cd] pyrene was not detected in lamb kokorec and tail fat interaction. BkF was not quantified in beef kokorec and tallow fat interaction, lamb kokorec and subcutaneous fat and lamb kokorec and tail fat interactions, and also DhA was not quantified in lamb kokorec and tail fat interaction.
The results of some studies concerning concentrations of PAHs in meat and meat products are summarized in Table 4 . Janoszka [30] found 0.01-2.76 µg/kg concentrations of BaA in pork meat and its gravy fried without additives and in the presence of onion and garlic. In a study by Roseiro et al., [31] Chry was found in concentrations of 1.54-150.56 µg/kg in Portuguese traditional meat products, and 0.61-139.62 µg/kg in blood sausages. Farhadian et al. [32] investigated the effects of marinating on the formation of PAHs in grilled beef meat, and in their study BbF, was found in concentrations of 1.42-5.91 µg/kg. In addition, in Roseiro et al., [31] BbF was determined in concentrations of 0.07-6.68 µg/kg in Portuguese traditional meat products. BkF was determined in concentrations of 0.12-4.69 µg/kg in processed meat products. [33] EU Regulations (EUR) determined a maximum level of 2.0 µg/kg for BaP (5.0 µg/kg prior to September 2014) in smoked meat and smoked meat products. It was reported that BaP in grilled meat or fish ranged from 0.2 to 50 µg/ kg. [34] BaP was determined in concentrations of 0.01-1.61 µg/kg in pork meat and its gravy fried without additives and in the presence of onion and garlic. BaP was determined at between 0.36 and 4.75 µg/kg in Portuguese traditional meat products. [35] In addition, Farhadian et al. [32] reported that BaP was found in concentrations of 0.11-4.78 µg/kg in grilled beef meat. Concentrations of DhA and BgP ranged from 0.05 to 0.55 and 0.01 to 1.12 µg/kg, respectively. [30] Olatunji et al. [33] reported that concentrations of IcP ranged between 0.21 and 31.11 µg/kg in processed meat products.
The mean PAH4 and PAH8 concentrations of the kokorec groups are given in Fig. 3 . PAH4 and PAH8 values of the samples ranged from 2.16 to 23.56 and 3.07 to 40.11, respectively. The minimum concentration of PAH4 (2.16 µg/kg) was detected in lamb kokorec and tail fat interaction, and the maximum concentration (23.56 µg/kg) was detected in beef kokorec and tail fat interaction.
The results of some studies about concentrations of PAH4 in meat and meat products are summarized in Table 5 . Duedahl-Olesen et al. [36] determined the sum of PAH4 in pork chops (26 µg/kg), whole marinated chicken (21.4 µg/kg), hamburgers (7.7 µg/kg), marinated on a stick (4.9 µg/ kg), and pork chops (4.1 µg/kg). In addition, Rose et al. [37] reported that PAH4 was found in concentrations of between 9.27 and 95.87 µg/kg in beefburgers and 0.30-10.87 µg/kg in beef. Our results were similar when compared with other studies. Also, as a result of our study, the PAH4 levels of the interactions between beef small intestines and subcutaneous fat, and beef small intestines and tail fat, were higher than the PAH4 value that was determined by EUR as a maximum limit of 12 µg/kg (30.0 prior to September 2014). However, it was observed that the regulatory levels of PAHs currently cover only smoked meat and smoked meat products. However, there is no smoking process in the production of traditional kokorec.
It was observed that there was no statistical correlation between the PAH concentrations and the fat contents in the kokorec groups. Similarly, it was reported that fat content and smoking regime alone did Janoszka [30] Gravy fried pork meat HPLC-FD µg/kg 0.01-0.24 0.01-0.02 0.01-0.09 0.01-0.11 nq-0.05 0.01-0.12
Janoszka [30] Portuguese dry cured fermented sausages (traditional) HPLC-FD µg/kg 3.13-17.98 2.13-20.28 0.67-1.50 0.34-1.94 0.68-3.53 nd nd nd Roseiro et al. [31] Portuguese dry cured fermented sausages (traditional modified process) HPLC-FD µg/kg 1.09-10.79 2.14-9.89 0.01-3.48 0.52-0.93 0.57-2.17 nd nd nd Roseiro et al. [31] Portuguese traditional meat products HPLC-FD µg/kg 1.51-132.51 1.54-150.56 0.07-6.68 0.34-2.72 0.36-4.75 0.16-6.91 0.07-15.73 0.05-2.51
Roseiro et al. [35] Portuguese traditional blood sausages HPLC-FD µg/kg 0.88-121.41 0.61-139.62 0.03-5.15 0.37-2.57 0.32-5.65 0.21-5.71 0.06-5.43 0.07-2.88
Roseiro et al. [35] Marinated beef HPLC-FD µg/kg 1.42-5.91 0.11-4.78
Farhadian et al. [32] Processed meat products Olatunji et al. [33] Processed meat products Olatunji et al. [33] Processed meat products Olatunji et al. [33] nd: not detected. not influence the PAH concentrations. [38] In another study, Pöhlmann et al. [39] found that the sum contents of the five phenolic compounds did not depend on the fat contents of the sausages. While the fat contents of the kokorec groups did not influence the PAH concentrations, animal fat varieties affected the PAH contents of the kokorec groups. It was determined that lamb kokorec that was made with tail fat had the lowest PAH4 and PAH8 concentrations in the lamb kokorec groups. In the beef kokorec groups, the group that was made with tallow fat had the lowest PAH4 and PAH8 contents.
Conclusion
It was determined that traditional kokorec was among the risky food groups due to the presence of PAHs (BaA, Chry, BbF, BkF, BaP, DhA, BgP, IcP). The PAH concentrations between the six groups of kokorec were determined to be significantly (p < 0.05) different. The highest concentrations of PAHs were determined in beef kokorec and the tail fat group. The interaction of lamb kokorec and the tail fat group had the lowest level of PAHs. Unfortunately, studies on traditional kokorec are very limited, not only in Turkey but across the world. It is well known that the traditional kokorec is very popular in Turkey in today's world. Some regulations regarding chemical contaminants such as PAH levels and microbial loads are needed in kokorec production. Further studies are needed to minimize the PAH contamination of traditional kokorec such as the effects of heat sources, distance to heat source, charcoal grilling time, and fat content. HPLC-FD µg/kg 6.38-10. 35 Gomes et al. [38] Dry fermented sausage (containing collagen casing) HPLC-FD µg/kg 4.21-9. 12 Gomes et al. [38] Barbecued beef GC-LRMS µg/kg 0.30-10.87 Rose et al. [37] Barbecued beef burger GC-LRMS µg/kg 9.27-95.87 Rose et al. [37] Commercially barbecued samples (beef) GC-MS µg/kg 0.30-48.00 Duedahl-Olesen et al. [36] Commercially barbecued samples (pork) GC-MS µg/kg 0.10-25.20 Duedahl-Olesen et al. [36] Commercially barbecued samples (chicken) GC-MS µg/kg 0.10-21.40 Duedahl-Olesen et al. [36] Smoked meat and smoked meat products µg/kg 12.00 (maximum limit) European Union Regulations [12] PAH4: sum of BaA, Chry, BbF, and BaP
